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The Tuskegee Study of
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i

The 30th ¥Vear of Observation

DORALD H. ROCKWILL, MD; ANNE RO0F YORS, MD;
AMND M, BRITTAIN MOORE, JR., MD, ATLANTA
a

“The year 1963 marks the 30th year of the
long-term evaluation of the effect of un-
treated syphilis in the male Negro conducted
by the Venereal Discase Dranch, Communi-
cable Disease Center, United Siates Public
Health Service, This paper simmarizes the
information ohtained in this stady—well
known as the “Tuskegee Study™{rom ear-
lier publications,’! reviews the stafus of the
original study group, and reports the clinical
and laboratory fndings on those remaining
participants who were examined in the 1963
evaluation.

Ia the late 1920's and early 1930s, sur-
veys ' in rural areas of the South revealed
a high incidence of syphilis among the Ne-
gro popuiation, and i was determned that
many of those infected remained unireateds
Recause of the lack of knowledge of the
pathogenesis of syphilis, a long-term study
of untreated syphilis was desivabie 1 estab-
lishing a more knowledgeable syphilis con-
trol program.,

A prospective study was begun late in
1932 in Macon County, Alshama, a rural
area with a static population and a high rate
of untreated syphilis. An untreated popula-
_‘E'{;.:ln-!_‘;;?;nc the Hth Arnual Symposinm on
Recent Advances in the Stedy of Venercal Ds-
eases, Houston, Jan 24-25, 1964, )
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lion such as this offered an unusual oppor-
tunity to follow and sludy the disease over a

long period of time, In 1932, a total of 26%

of tite male population tested, who were 25

years of age or older, were serologically re-

active for syphilis by at least two tests, usu-
ailly on two occasions (Table 1), The
original study group was composed of 412
of these men who had received no therapy
and who gave historical and laboratory evi-
dence of syphilis which had progressed be-
yond the infectious stages. A total of 204
men comparable in age and environment and
judged by serology, listery, and physical ex-
amination o be free of syphilis were selected
to be the control group. '

The fivst published findings in 1936 by
Vonderlehr et al! showed that after infec-
tion of 15 years’ duration only one fourth
of the untreated syphilitics were normal and
that most of the abnormal findings were in
the cardiovascular system. Morbidity was
noted to be approximately fourfold greater
in the cardiovascular, central nervous and
hane snd joint systems of untreated syphi-
litics under age 40 than in the controls of
the same age.

i the first complete reevaluation of these
patients in 1938-1939, it was found that many
had received some therapy, usually only sev-
eral injections of arsenic or merqury; how-
ever, afew, especially in the younger age
group, had received more. TFourteen young,
untreated syphilitics were added to the study
to connpensate for this, At this Hime it was
also discoverad that 12 of the controls either
had had syphilis or had acquired it duting
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UNTREATED SYPHILIS

TADLE L—Result of Serologiz Swrvevs of Nregroes
- * in Macon County, Aicbame

: Number tPer Cand
Year - Groud Surveyod Tested  Heacilve

1930 Al oges, maies and femnles 3,684 40
1932 Mulex nd {omiales over 18 4,41} 22
Mulzs 25 nud uver 1,782 Fi

the interim; .these have been followed as
syphilitics since that time,

Where possible, these patients have been
followed with periodic history, physical and
laboratory examinations, inchuding serology,
electrocardiogram, chest x-rays, and urmaly-
sis—and autopsy

Movtality records during the first 12 years
of observation, as reported Ie!ler and

}_?Irtu'_ycm,2 revealed that 25% of the syphj-
litics and 14% of the controls of comparable
ages had died. They calculated that at age
25 untreated male syphilitics would have a

.reduction in life expectancy of approxi-

Ehk?s}' 20%
By 1952, after 20 years of follow-up, 40%

“of the syphilitics and 27% of the controls

had died; at this tume the iife expectancy of
individuals from ages 25 to 50 with syphilis
was determined to be reduced by 17%.
Fourteen per cent of the 159 syphilitics ex-
amined in 1952 showed evidence of late
syphilis, approximately hal{ being of the car-
diovascular system. From autopsy informa-
tion available through 1952, it was calculated
by Peters and associates  that & Negro male

" with untreated syphilis of more than ten

years' duration and a sustained reactive
serclogy would have approximately a 50-50
chance of having demonstrable cardiovascu-
lar involvement. Also, the primary cause of
death in 30% of the infected group was at-

tributed to syphilitic involvement of the car-.

diovascular or central nervous system,
Reports on this study by Pesare® and

Olansky and co-workers,!! have emphasized

that an untreated syphilitic popuiation has

~ considerably greater morbidity and mortality

- than a similar wninfected group until the age
of 55. An analysis in one the most recent
papers on the study 10 showed that a small
amount of treatment, 3 to 20 arsehical in-

Rockwell 2 ol
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jections, given to patients with syphilis of
less than L5 years' duration, influenced the
serologic outcome. This report also revealed
that 2790 of patients with spontanecus sero-
logic reversal had some clinical manifesta-
tions of late syphilis, and it was estimnted
that after 3G years of untreated syphilis less
than 50% of those still living would have a
reactive Kahn test, Pmthm, it was demon-
strated after 22 years’ follow-up that the
Treponcing faihdrma immobilization (TPT)
test showed no evidence of becoming rionre-

active in untreated syphilis.

Two other weli-known studies dealing

with the pathogenesis of syphilis should be
mentioned. In 1929, Bruusgaard ¥ pub-
lishéd an analysis of the outcome of up-
treated syphilitic patients seen from 1389 to
1910 at Boeck's Clinic at the University of
Osle. He was able to trace 309 living pa-
tients and 164 dead of known causes, 40

. of whom had been autopsied. Twenty-three

per cent had clinical or autopsy evidence of
syphilitic pathology of a serious nature. An
additional 12%% had less serious evidence of
syphilis. Fourteen per cent were serologl-
cally reactive and clinically negative, while
28% had a nonreactive serolegic test and o
clinieal evidence of syphilis. Twenty-thres
per cent had cancer, tuberculosis, or other
disease. It should be mentioned that Bruus-
gaard’s report has been criticized because
the study group was too heavily weighted in
favor of serious complications and because
it was too liberal in attributing a physical
or pathological abnormality to syphilis 1
A detailed review and reevaluation of this

" study was published in 1955 by Gjestland.!®

He reported that 28% of the syphilitics had
developed some type of late lesion, either
alone or in combination; 10.49% had mani-

TasLp 2Current Status of Tuskegee Sindy Grong
aof Origingl 412 Svphilitics and 192 Comivols -

Dend Alleg Unknown

No. o No, % Mo, -

Syphilitics 242 64.7 B k] &4 g
Cenieols - :H §3.3 G ahd i Pk
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Tanie A—Ahwormal Findings in 90 Syphilitics *
and 03 Conlrols Exunined 1963

Byphilithes Controls
Abnoerality No. o, No. o,
¥lect rocardinpraphic 41 46 21 37
Curdiomegnly Ly x-ray a7 42 ¢ 22 At
Nearningic:
% A restduals, peripheral 12 12 a &
netmpithy
Opth atranhy, tnbes dorsalls 3 ] 0 ]
Nypertenston (dtastelic Lioud a8 431 20 451
ProSsire over Wi
Carddae tiurmiues:
Aortle systotic 24 27 0 3
Aoride aystolic and diastotle 4 H Pl | §
Avrtie dlastalic 3 3 ) o
Urine 28 3n | 2} a1

* No nrine rr\pf\nvd on 12 =yphilitles and 1 control; nd x-rays,
no bitood pressure reported on L ayphilitle, t control,

t Caleufuled on fu cepiorted,

§ Calendated on 44 reported.

§ @ of these ad a loud, harsh, mitral sysioile murmur, also.

FCaleulated an T8 reported.

festations of eardiovaseninr syphilis, 6.5%
hadd neurosyphilis, and 15.896 had benign
tertiary syphilis. 1le found, as did Rosahn,'®
that males developed serivus late manifesta-
tionis alnost twice as often as females.

The other well-known study concerning the
outcome of syphilitic infection was done by
Rosahn !5 ai Yale, published in monograph
form in 1947, He extensively analvzed au-
topsy records from 1917 10 1941, consisting
of 3,907 cases over the age of 20. Of the ap-
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A clinical diagnosis of late syphilis in the
presence of a reactive serology was verified
by autopsy in 78%%; however, lesions were
present in 2196 of thuse clinically thought 10
be frec of the disease. Rozahn's findings also
indicated that syphilis reduced longevity in all
age groups; even wilth no tissue changes,
only aboui half #s many syphilitics as non-
syphilitics lived beyond the age of 70. The
mere fact of infection adversely affected
longevity.

Current Findings and Comment

“or the 30-year evaluation, a concerted
‘effort to trace and examine as many as possi-
bie of the Tuskegee Study survivors was
undertaken. As of Dece 1, 1903, of the oniginat
412 syphilitics, 242 were known to be dead,
85 were known to be alive, and 85 could naot
be located and were considered lost to {ui-
tow-up. Of the 14 young syphilitics added
to the study in 1938, seven were alive, four
were dead, and three could tot Le traced. Five
of the control group who became infected
have died, five were alive, and two were unac-
counted for, One hundred ninety-two names
of men listed as contrals remain on the books,
Three have not been seen since the origina,
examination; and 30 others could not be lo-
cated. Eighty-seven of the controls were dead,
and 66 were alive. Thercfore, of the original

proximately 10% (380) who had clinical, © 412 syphilitics, 59% were dead, 21% alive,

taboratory, o- autopsy evidence of syphilis,
41% (136) had morphologic lesions of the
discase, and 58% (90) of those had died
primarily as a result of syphilis. Three out
of ten clinically diagnosed patients developed
significant tissue lesions, and one out of five
of these died as a direct result of the infec-
tion. Rosahn found that a reactive serology
was more frequ!:nliy assoctated with ana-
tomic lesions, since only vne fourth of the
syphilitics who had lesions of the discase
at autopsy were scrologically nonreactive.
Roughly 8004 of the anatomic lesions were
of the cardiovascular system, and 156p were
of the central nervous system. Of the 380
otal syphilitics, there were 313 with serologic
tests reported on their last hospital adinis-
sion; 197 were reactive and 116 nonreactive.

TABLE 4 —Therapy and Serclogy of Svphilitics
Examined 1963 1Vho Have Evidence of
Late Syphilis

Cnso ) . Ther-py,  Current Current
No. " Diagnosis ; Dute VDKL T
326 Cardlovascular  None prior te WR R
ayphills 1950 silequate
14950 :
453 " % As 1624 N I
FEQ " T As 2 Hpigdd o) R
24 T 3 Itg 1034 N R
1 " 3 e 19t 4 dil it
K] = Nome 240l R
A-10 " - Nune 1d§l i
At Coentrd pereons P angd: adeghnnto N bt
sysiem ayphilin  10A2
s i § e 1034 rde. 31O I
qumle 71650 :
242 e & A 1 P 163l Edjt
©oEo Ol primmatous 2 [g 1084 N*- R
leston =
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TasLE S.—Duration of Mfection a Time Evidence
of Late Syphilis Detecied

Cass  ~ Year Abnor- Yoenr Duration of
No. mulity Noted  Previous Exem  Infection, ¥r
329 158 ina4 * 14
3 1063 1058 !
B0 1943 1952 3i
. 032 1020 1233 28
194 1833 MNone 3l
38 1933 Noas 17
A-10 1848 . 1939 22
(34} 148 1039 30
in8 1948 1438 36
232 1032 1p3 4 2]
£00 1033 None i5

* Pagisnt oripinaily & control, acgutred syphills beriween 1934
and 1048,
t Yuestlonable abnormality.

and 209 lost to follow-up, while 45% of the
controls were dead, 349 alive, and 20% not

* traceable (Table 2). .
The average age of the surviving syphi'fitic”

group was 65 years in 1963, and of the con-
trol group 66 years. In the last ten years, the
average age of the syphilitics has risen four
vears and the controls six years. At the be-
ginning of the study, approximately twice as
many syphilitics as controls were sclected in
each five-year age bracket so that the ages
would be comparable through the years. The
syphilitic men were, of course, a preselected
group composed-of those who had survived
their diseasc. Some, particulariy in the older
‘age groups, had survived many years after
their infection. How much this factor has in-
fluenced findings in this study cannot be de-
termined. .

Eighty of ‘the ortginal syphilitics and ten

of the syphilitics later added to the study

group were examined during the summer of
1963, along with 65 of the controls. The
syphilitic individuals continued to demon-
strate more abnormalities, but these were not
marked—a finding expected, since syphilis
‘would be expected to have taken its toll
earlier. After the age of 55 the processes of

aging emerge and seem to become the signifi- .

cant factors in both groups.
Current findings in the syphilitics and con-

. trols, presented in Table 3, show that most of

the abnormalities are cardiac.
 Reckwell ef ol
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The treatment status of the surviving
syphilitics is interesting, since 86 of the 90
examined this time have now received some
therapy: 45 of these having received un
average of five to ten injections of arsenic

~and bismuth; 11 others only several injec-

tions of mercury; 20 have probably received
adequate treatment; and 10 more gy have
had adequate therapy. At the time of the sec-
ond examination in 1939, it was found that
approximately 42% of those examined had
received some therapy. In 1963, a total of 69,

or 77%, of thosc examined had reccived some

therapy by 1933. The fact that a greater
proportion of those who had received some,
but inadequate, therapy were still living prob-
ably reflects only age differentials. However,
an carlier publication *® concerning this study
indicated that these injections influenced
serologic outcome by causing more to become

nonreactive. Since a reactive serology is more |

apt to be associated with anatomiic abnormali-
ties and therefore a higher mortality,*® these
findings would not be unexpected.

Eleven patients, or 12% of the 90 syphi-
litics exarined inn 1963, had abnermalities in-
dicative of late syphilis, seven of the
cardiovascular system, three of the central

nervous system, and one of the gummatous -

type (Table 4). Two of these had received
no therapy, and three others had received
two to three injections of mercury only. Of
the 11, three who had received adequate treat-
ment had evidence of late syphilis at the time
of therapy. Six had a reactive VDRL slide
test, three of which were reactive at four

TasLe 6—Current Serologic Findings on Syphilitic
Saudy Suhjects 1Vho Have Noureaclwe
TPl or FTA-ABS Tesis ’

Caze Na, VDAL KRP ~ TPI- FTA-ARS

103 N N N bS]
278 N N N N
053 N N N M
3T N i g Mo
351 N N N R
50t b 3 R N "R
05 R b3 N R
050 N b3 N n
130 N b3 N &
004 RzdN N N n

. N N i o

P LT
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Tame 7—Currenl Scrologic indings on Siz
Control Subjects 1Wha Have Keictive
T or FTA-ARS Tests

Case No, VDIL Eny T FTA-ABS
7e N N N R
00 N N B R
83 N N R B
40y N R R R
b N R H R
404 R R R R

ditutions or more, and all 11 had a reactive
TPI test. Most of the 11 had evidence of late
syphilis by the 1948-1949 examination (Ta-
ble 3), and in 1963 only two new cases were
detected who had lesions possibly due to
syphilis. In ten of these syphilitics the dura-
tion of infection was 36 years or less when a
significant abnormality was noted, Most of
these probably developed their late lesions be-
fore thirty yvears of infection.

The Tuskegee Study has been very useful
in evaluating serologic tests through the
years, Some analysis of the current results
seems indicated since we now have 30 years
of serologic tests for study. This year,
serologic tests were performed * on 83 of the
supposedly syphilitic group and 66 controls.f
Sixty men or 63% of the syphilitic study
group were reactive by VIRL shde testing,
and 83 or 89% were rcactive by TT’I testing.

Ouly 48 of the 91 tested by the Kolmer °

Reiter Protein {KRFP) test were reactive;
this test was reactive 12 times when the
VDRL slide test was not, and four times
when the TP was nonreactive, An improved
fluorescent treponemal antibody (FTA) test,
as modified recently by Deacon and asso-
ciates 1728 aud labeled the #uorecent trepo-
nema! antibody absorpion (IFTA-ABRS)
test, was reactive in 88 of the 93 presumed
syphilitics tested: It was reactive in all 48
men who were KRT reactive.

Current serclogic data for the ten sup-
posediy syphilitic patients who were TP

* Tests performéd by the Venereal Disease Re-
search Laboratory according to PHS pullicuion
No. 411, 1839 Revision, Tests for
Syphilis.

+ Inchules three syphilitics and one control whe
did net have physical examivations.

Keral, i i
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nemreactive at this examination and the five
men who were 'TA-ADS nonredctive are
shown it Table 6. e first two (No. 103 and
375}, although tested imany times, have never
had a reactive TP), FTA, or other
treponental test and have been sevdlogicatly
nonreactive since their original examination
in 1933. Since evidence of syphilitic tnfec-

- tion is questionable, they probably should be

excluded from the study group. Five men
(No. 033, 137,331, 574, and 505), previously
TPT reactive, have become nonrcactive dur-
ing the past five years. Three of these (No.
351, 574, and 503) remain reactive by the
FTA-ARS pethod. No. 050 and 130 have
never been TPI reactive. No. 004 was TPI
nonreactive this year when tested for the first
time by this test. The lattér three men were
FTA-ABS reactive, and No. 050 and 130
have previously been FTA reactive. Also,
case No. 130 has good clinical evidence of
congemtal syphilhs; No. 004 has a perfora-
tion of the nasal septum; and No. 050 has
been KRI’, RPCF and TPCF reactive in
the past. Only one of the group, No. 482, is
FTA-ABS nonrveactive, while the TPI test
continues to indicate past syphilitic infection.

Ixcluding the two men who probably have
never had syphilis, the TPI test this fol-
low-up did not detect syphilis antibodies in
eight and the FTA-ADBS test in three of the
study group. Therefore, after 30 years' fol-
tow-up and 30 or more years of infection, the
TPI test detected a past syphilis infection in
83 of the 91, or 9165 of the survivors. The-

TasLe 8.—-Syphilitics Whe Flave Become
TP Nonreactive

Last Tharation of | Year
Yeuar 15t Yeur  Infeetion (Y1) Trented
Casn THI T ist Year THI With
No,  Reactive Nourcactive  Nomreactive Penieillin
a5 1558 PRS0 36 ]
: 16 1)
i3Y Jans. Turk 34 1051
i 5 mithon untits)
351 1956 1l H “None
374 1558 Tany 40 iuah

" 16 injeet}
Gnestinnibie
TR54
12 3 inject.}

5 T 38

gy i b Y | e ey
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FTA-ADS test demustrated an even higher
degrree of sensitivity, detecting 8% or 979 of
the surviving syphilitics. Excluding the same
two questionabile cases, the VDRL slhide test
was 66% reactive.

Six aof the control group of supposedly
nonsyphilitics had a reactive FTA-ABS test,
and five of the six had reactive TPI tests
(Table 7). All five have previously been TPI

reactive as well as being reactive by other.

tests and are now considered syphilitics. In
case No. 379, in which there is no other sup-
porting evidence of syphilis, it is not de-
termined if the FTA-ARS is detecting latent
syphilis or is falsely reactive. The former
possibility is not unreasonable considering the
high incidence group and the high level of
sensitivity of the new I'TA procedure.

From the data in this study, the FTA?
ARBS test appears to have both a high degree
of sensitivity and specificity. Once it is reac-
tive, duration of infection and previous
therapy apparently have little or no effect on
it. TPI tests remained reactive in approxi-
mately 90% of the Tuskegee Study group 30
years and longer after the original syphilis
infection, and in only five indwiduals was
there indication that it may become nonreac-
tive after infection of more than 30 years’
duration. Data on the duration of infection
and therapy in these men who have become
TPT nonreactive are presented in Table &
All five had received five to ten injections of

- an arsenical in 1933 or 1934,

In the 30 individuals who had possibly re-
ceived curative therapy, no obvious cftect was
noted on the VIDRL at this tinie, since 63%
of this group also remained seroreactive.
However, the disease process was of long
duration in all but one at the time significant
{realment was given. '

Since this study has now been affected by
so many variables, we have not attempted to
analyze all the findings. Such a report awaits
a reevaluation of findings and Jetailed analy-
18 'c{)rrelating duration ol infection, ages,

therapy, physical, laboratory, and autopsy -

findings; a complete review is now under
way. We have attempted only to make a brief

Rockwell et al
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sunnnary of the study and to report some of
the finding: of the 30th yeur of follow-up.

Summary
The syphilitic group centinues to have
higher mortality and morbidity thau the un-
inferted controls, with the cardiovascular sys-
tem most commonly involved.
As of Dec 1, 1903, approximately 59% of
the syphilitic group and 4350 of the control

group were known te be dead, and the

average age of the survivors in each group
was 65 and 60, respectively.

Approximately 96% of those examined
had received some therapy other than an in-

Ardenial antihintie
14 10t

p i
cidental antdwlic '\“'{'Ct"\)!!, anG ﬂPY’h',‘.&nQ as

many as 33% have had curative lherapv.
Twelve per cent of the syphilitics ex-
amined have clinical evidence of late syphilis,

64% being cardiovascular involvement; most

of these have been known since 1948,

Sixty-six per cent of the syphilitics con-
tinued to have detectable reagin by the
Venereal Disease Research Laboratory
{VDRI.) slide test, 919 had reactive
Treponema pallidum 1m.n0b lization (TFI}
tests, and 979 were reactive by the
ﬂuomsLe"lt t'epunvnai antibody absorption
(i‘ TA- nJ_)Q} test. The latter two tests were
quite sensitive in detecting past syphilis in-
fection which had passed the early stages,
regardless of duration or therapy.

Factors in selection and therapy in this
study, which must be evaluated more
thoroughly, probably tend to minimize the
effects of untreated syphilis,

Donald H. Rockwell, MD, Venereal Disexse Re-
search Laboratory, Communicable Disease Center,
United States Public Health Service, Atlanta, Ga
30333,
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